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Inhibition of RyR2 from Failing and Non-Failing Human Hearts by
Calmodulin
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Cris Dos Remedios2, Peter Molenaar3, Derek R. Laver1.
1University of Newcastle, Callaghan, Australia, 2University of Sydney,
Sydney, Australia, 3Queensland University of Technology, Brisbane,
Australia.
The RyR2 is a macromolecular complex comprising a Ca2þ channel and many
other accessory proteins that regulate channel activity. The binding of intracel-
lular calmodulin (CaM, ~45 nM in the cytoplasm) partially inhibits calcium
release in cardiomyocytes due to its ability to inhibit RyR2 channel opening.
Single channel studies of RyR2 in lipid bilayers find that CaM inhibits RyR2
with an IC50 of 100 nM. During the process of RyR2 isolation fromthe heart
and their incorporation into lipid bilayers, the macromolecular complex stays
mostly intact except for CaM which can dissociate from the RyR2 complex
in minutes.
Heart failure is a complex disorder involving changes in Ca2þ handling protein
expression, Ca2þ homeostasis and remodelling of the RyR2 complex. We
compare RyR2 activity from healthy and failing human hearts and study their
regulation by Ca2þ in the presence and absence of CaM. RyR2 was isolated
from healthy human hearts and hearts with ischemic cardiomyopathy with
ethics approval (H-2009-0369) and incorporated into lipid bilayers. CaM
(0.5 mM with 0.1 uM Ca2þ) caused a reduction in RyR2 Po of 57% 5 6%
from failing human heart but did not affect RyRs from healthy hearts. Thus,
action of CaM in the RyR complex is influenced by its remodelling that occurs
in the failing heart.
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Structure-Function Relationships of M124Q Calmodulin, a Mutant that
Mimics Oxidative Insults
Sarah E. Nelson, Florentin Nitu, Razvan Cornea, David D. Thomas,
Gianluigi Veglia.
Biochemistry, Molecular Biology, and Biophysics, University of Minnesota,
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Calmodulin (CaM) is a calcium-sensitive regulatory protein that interacts with
numerous target proteins, including the ryanodine receptor (RyR). The RyR is a
calcium channel responsible for releasing Ca2þ from the sarcoplasmic reticu-
lum to induce muscle contraction. Due to its high methionine content, CaM
is highly susceptible to oxidation by reactive oxygen species produced by
normal metabolism. It has been shown that the oxidation level of CaM in-
creases with aging, and contributes to muscle degeneration. Oxidized forms
of CaM also have a decreased ability to regulate RyR function, thus disrupting
the regulation of muscle contraction. The M124Q CaM mutant mimics the
effects of a methionine sulfoxide at position 124, a key residue for CaM’s inter-
action with the RyR. Here, we used dipolar electron-electron resonance
(DEER) and NMR to characterize the structural dynamics of the M124Q-
CaM. DEER analysis of M124Q-CaM suggests that the mutant exhibits open
and closed conformations in micromolar Ca2þ, but shifts to the more open
conformation in nanomolar Ca2þ. Differences in the population distributions
were also observed for M124Q-CaM in the presence and absence of a RyR1
peptide that forms part of the CaM binding site. Finally, NMR analysis of
wild-type and M124Q-CaM also indicated structural shifts due to the mutation
and describe how both the wild-type and M124Q CaM respond to changes in
Ca2þ concentration. These initial results give important insights on the struc-
tural effects of deleterious oxidative processes on the RyR regulation by CaM.
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Mechanisms Underlying Cooperativity in CaMKII Autophosphorylation
and Substrate Phosphorylation
Derrick E. Johnson, Jingwei Meng, Andy Hudmon.
Biochemistry and Molecular Biology and Center for Computational Biology
and Bioinformatics, Indiana University School of Medicine, Indianapolis,
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As a member of the calmodulin-activated kinases, Ca2þ/calmodulin dependent
protein kinase II (CaMKII) is a serine/threonine kinase coupled to calcium
signaling. Unlike other multifunctional CaMK members, CaMKII has a unique
dodecameric architecture potentially permitting cooperative forms of autoregu-
lation and substrate phosphorylation. We observed that CaMKII phosphoryla-
tion of a peptide derived from the autoregulatory domain (AC-2) displays
positive cooperativity (nH=1.8). Another T-site binding peptide substrate
derived from S1303 phosphorylation site on NR2B also displayed positive
cooperativity (nH=2.1). Surprisingly, a truncated form of CaMKII1-317 mono-
mer also shows this cooperativity towards NR2B and AC-2 peptides
(nH=1.6 vs 1.8, respectively). Syntide-2, a traditional substrate peptide lackingT-site interactions, does not exhibit cooperativity in substrate phosphorylation
for either monomeric or multimeric CaMKII (nH=1.0; nH=1.1, respectively).
These data suggest that the positive cooperativity seen with substrate phosphor-
ylation is unique to T-site site binding substrates and may involve potential
allosteric substrate interactions on the catalytic surface. Cooperativity within
the holoenzyme occurring between subunits has been predicted based on the
fact that Ca2þ/CaM binding can induce Thr286 autophosphorylation, an inter-
subunit intraholenzyme reaction, whereby, neighboring subunits act as both
kinase and substrate following coincident Ca2þCaM binding. Using Ca2þ/
CaM-independent activity (i.e. autonomous) as a measure of Thr286 autophos-
phorylation, CaM titration experiments revealed that both Ca2þ/CaM-depen-
dent and autonomous forms of CaMKII activity were cooperative (nH=2.1
for both) for Ca2þ/CaM activation and autophosphorylation. Titrating CaM
levels to ratios below 1 per holoenzyme (i.e. 12 CaMKII subunits per holoen-
zyme) generate submaximal autonomous activity, whereas, CaM levels at a
ratio of ~2 per CaMKII holoenzyme generate maximal autonomous activity.
Thus, CaM activation of CaMKII appears to follow a cooperative model
whereby neighboring subunits within the holoenzyme preferentially obtain
the activator to promote autophosphorylation even in the face of limiting CaM.
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Downstream Regulatory Element Antagonist Modulator (DREAM), also
known as calsenilin or potassium channel interacting protein 3 (KChIP3), inter-
acts with presenilin 1 (PS1) and presenilin 2 (PS2) to promote accumulation of
b-amyloid peptide in brain. To understand the molecular mechanism by which
DREAM mediates b-amyloid formation, the interactions between calsenilin
and presenilin were characterized using steady-state and time-resolved fluores-
cence anisotropy techniques. In addition, the structural changes in DREAM
oligomerization state triggered by presenilin binding were studied. Here, we
report the interaction between DREAM and a short segment of PS1 C-terminus
(helix-9). The binding of DREAM to helix-9 is calcium dependent. The disso-
ciation constant for Ca2þDREAM:helix-9 complexes was determined to be
0.77 5 0.03 mM, whereas the Mg2þDREAM:complex helix-9 exhibits lower
affinity, Kd = 19.35 0.5 mM. Moreover, association of Ca
2þDREAM to helix
9 results in slower depolarization with the rotational correlation time of V =
22.55 0.1 ns, which matches w the esti-
mated rotational correlation time for
DREAM dimer bound to a helix-9. These
results suggest that DREAM binds to
presenilin in its dimeric form and the
formation of the inter-protein complex
in regulated by Ca2þ.2676-Pos Board B368
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Synaptotagmin I is a protein involved in the final steps of neurotransmitter
release assisting in the fusion of vesicles with the plasma membrane of nerve
cells. The synaptotagmin protein consists of a single transmembrane region
connected to two C2 domains, C2A and C2B, through a long unstructured
linker region. While much work has been done in order to understand how
synaptotagmin functions in the fusion process, it has largely been focused
solely on the C2 domains of the protein, with little work done examining the
linker region. Recently it has been shown that these domains show remarkably
low stabilities, and that the two C2 domains are energetically coupled. These
results paint a picture of a protein that is exquisitely sensitive to its environ-
ment. As such these findings have led us to hypothesize that the unstructured
linker region that tethers the C2 domains to the membrane may play an impor-
tant role in the function of synaptotagmin. In order to gain a better understand-
ing on how the presence of this unstructured region impacts synaptotagmin, we
have investigated the stability of the C2A domain both with and without the
linker region and have found dramatic differences between the two constructs.
We have found that under all ligand conditions the stability of the domain
decreases. For example, in the presence of Ca2þ the stability of the C2A
domain with the linker region was found to be 3.6150.03 (kcal/mol) compared
to a stability of 4.3250.05 (kcal/mol) for the domain without the linker. The
decrease found in the stability of domain when connected with the linker region
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environment, and as such may tune the responsiveness of the domain.
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Vicente Lumbreras, Suhrud Rajguru.
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Pulsed infrared radiation (IR) elicits controllable intracellular calcium and elec-
trical responses in excitable tissue. Application of focused optical stimuli to
target single cell activation and even subcellular mechanisms may lead to a
broad range of basic science and prosthetic applications. It is therefore impor-
tant to characterize the interactions between ion channels, microdomains and
organelles in the intracellular Ca2þ cycling and related events. Towards this
goal, we analyzed whether pulsed IR modulates mitochondrial membrane
potential, Jm, activating intracellular Ca2þ cycling. Experiments were per-
formed on cultured spiral and vestibular ganglion neurons isolated from p2-
p3 rat pups. The neurons were loaded and incubated for 30 minutes with
Dcm sensors JC-1 (1.5 mM) or rhodamine 123 (10 mM). Oligomycin A and
FCCP were used as positive controls. Pulsed IR was delivered to the neurons
using a 400 mm optical fiber connected to a Capella laser (l = 1863 nm). Image
sequences of the neurons under IR stimulation were collected using a confocal
microscope. Image processing was done using ImageJ andMatlab to study fluo-
rescence intensity changes proportional to a stimulus. We measured the fluores-
cence intensity of the probes at the baseline level and after the application of IR
stimulus. The neurons responded with a pulse-by-pulse response in rhodamine
123 fluorescence synchronized with the low frequency IR pulses applied. JC-1
capable of entering selectively into mitochondria reversibly changed its fluores-
cence emission after IR stimulation. The change in fluorescence intensity with
pulsed IR reflects the change in relative levels of Jm. The changes were
reversible and matched the depolarization of mitochondria produced by posi-
tive controls. Results suggest that pulsed IR stimulus can potentially be utilized
to study spatial Ca2þ buffering and the mitochondrial regulation of spatio-
temporal properties of intracellular Ca2þ waves. Funded by NIH NIDCD
R01DC011481.
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Cellular Mechanisms of Oxygen Sensing in Astrocytes
Plamena R. Angelova, Andrey Y. Abramov, Alexander V. Gourine.
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In this study we used fluorescence imaging techniques to characterize the
effects of an acute short-term hypoxia on intracellular [Ca2þ] signalling in pri-
mary cultures of astrocytes from the rat brain stem, midbrain, hippocampus and
cortex. It was found that astrocytes respond with strong elevation in intracel-
lular [Ca2þ] when PO2 in the incubation media decreases below 15 mmHg.
Removal of external Ca2þ had no effect on hypoxia-evoked [Ca2þ]i signalling
in astrocytes, while application of SERCA inhibitor thapsigargin completely
blocked the responses. Cellular mechanism of PO2 sensing involves activation
of the PLC pathway as demonstrated in the experiments showing blockade of
the hypoxia-induced responses by various inhibitors of PLC downstream pro-
cesses (U73122, 2-APB or Xestospongine C). Hypoxia-induced [Ca2þ]i re-
sponses were found to be completely blocked by depolarization of astroglial
mitochondria using uncoupler FCCP and, therefore, appear to be dependent
on the mitochondrial membrane potential. Ca2þ responses induced in astro-
cytes by decreases in PO2 lead to fusion of ATP and polyphosphate containing
vesicular compartments. These data indicate that astrocytes are sensitive to
physiological changes in PO2 and this sensitivity may have a functional signif-
icance in the control of local blood flow and the neuronal activity.
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Alpha-synuclein is a protein expressed abundantly in the brain that has been
proposed to have multiple physiological functions as signal transduction, vesic-
ular trafficking, synaptic behaviour, regulation of oxidative stress and mito-
chondrial function. However, when misfolded and aggregated, it forms
intracellular inclusions (Lewy bodies) that are the hallmark of Parkinson’s
disease.
We used digital imaging technique to explore effects of alpha-synuclein on
cytosolic calcium levels with Fura-2 indicator. We found out that the mono-
meric, as well as the aggregated form of alpha-synuclein (oligomers) evoked
a [Ca2þ]c of primary neurons and astrocytes after delay ~5 min.The [Ca2þ]c response to monomers and oligomers was entirely dependent on
external calcium, and neither U73122, an inhibitor of PLC, nor the SERCA
inhibitor Thapsigargin had any effect on the [Ca2þ]c signals. The response
was not affected by inhibitors of either ionotropic or metabotropic glutamate
receptors, including CNQX, MK-801 or (S) MCPG.
Further, we investigated using confocal live imaging whether this calcium
signal contributed to alpha-synuclein induced neurotoxicity. We assessed the
number of cells undergoing apoptosis within 30 min upon activation of
caspase-3 (NucView 488) with oligomeric alpha-synuclein but not with mono-
mers. Omission of the calcium from the extracellular recording medium
(HBSS) prevented apoptotic cell death.
Additionally, pre-incubation of astrocytes and neurons from primary co-culture
with oligomeric alpha-synuclein induced necrotic cell death within 12 h. as
assessed with Hoechst/Propidium Iodide staining. However, inhibition of the
alpha-synuclein-induced calcium signal in astrocytes and neurons by Ca2þ-
free medium significantly reduced necrotic cell death by oligomers. Thus,
monomeric and oligomeric alpha-synuclein evokes a [Ca2þ]c signal in neurons
and astrocytes which could be a trigger for neurotoxicity.
This work was supported by Leverhulme Trust and MRC.
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Parvalbumin Tunes Spike-Timing and Efferent Short-Term Plasticity in
Striatal Fast Spiking Interneurons
David Orduz1, Patrick Bischop1, Beat Schwaller2, Serge N. Schiffmann1,
David Gall1.
1Universite´ Libre de Bruxelles, Bruxelles, Belgium, 2University of Fribourg,
Fribourg, Switzerland.
Striatal fast spiking interneurons (FSI) modulate the output of the striatum by
synchronizing medium-sized spiny neurons (MSN). FSI are the only striatal
neurons to express the calcium-binding protein parvalbumin (PV). This selec-
tive expression of PV raises questions about the functional role of this calcium
buffer in controlling FSI calcium dynamics, and, consequently, the FSI
spiking mode and neurotransmission. To study the functional involvement
of FSI in striatal microcircuit activity and the role of PV in FSI function,
we performed perforated patch recordings on EGFP-expressing FSI in brain
slices from control and PV-/- mice. Our results revealed that PV-/- FSI fired
more regularly and were more excitable than control FSI by a mechanism
in which calcium buffering is linked to spiking activity as the result of the acti-
vation of small conductance (SK) calcium-dependent potassium channels. A
modeling approach of striatal FSI supports our experimental results. Further-
more, PV deletion modified frequency-specific short-term plasticity at inhibi-
tory FSI to MSN synapses. Our results therefore support the hypothesis that in
FSI, PV is crucial for the fine-tuning of the temporal responses of the FSI
network and for the orchestration of MSN populations. This, in turn, may
play a direct role in the generation and pathology-related worsening of motor
rhythms.
2681-Pos Board B373
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A critical feature of neurotransmission is that only a subset of vesicles react at a
given Caþþ pulse. To achieve such a fractional response the synapse utilises a
number of complex spatio-temporal and biochemical mechanisms that are still
under debate but collectively appear to create distinct vesicle pools. We
currently ignore whether differentiation of seemingly identical vesicles exists
also for membrane trafficking vesicles.
We recently established that vesicles within an ensemble display large compo-
sitional inhomogeneities(1). Annexins, as well as other Ca2þ-dependent
membrane binding proteins, are known to bind specific phospholipid compo-
nents in cellular membranes(2). Here we investigated how the unique capability
of Ca2þ-regulated membrane-binding proteins to bind certain lipids enables
them to discriminate between single vesicles based on their lipid compositional
heterogeneity. We employed human Annexin A5 (AnxA5), which is widely
used as a model system for the membrane binding properties of the Annexin
superfamily(2), and our previously described single vesicle assay(3, 4). We
demonstrate that heterogeneities in the lipid composition of individual vesicles
within a population, in conjunction with Ca2þ concentration, regulate the frac-
tion of vesicles recruiting Annexins with digital precision. This is a recurrent
phenomenon observed in multiple vesicle samples and for different Ca2þ
sensing proteins. Thus, we anticipate that the cell utilize this feature to
translate analog Ca2þ influxes into a selective digital targeting of vesicle
sub-populations within the ensemble for specific functions.
